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ABSTRACT

Dairy calves are colonized at a very young age by a multi-drug resistant Escherichia coli (MDR EC) and 

research studies indicate that the prevalence is not related to recent use of antimicrobials, but that diet 

and other environmental factors are likely involved.  To further investigate the occurrence of this bacterium, 

we sampled dairy calves on southwestern United States farms at one week of age through 6 months, and 

determined not only prevalence, but fecal concentrations of the MDR EC.  The influence of feeding pas-

teurized (PWM) versus non-pasteurized (NPWM) waste milk was examined, and the effect of weaning was 

investigated.  The number of fecal samples positive for MDR EC as well as their populations decreased 

(P < 0.01) with increasing calf age.  Slight differences were observed when comparing PWM and NPWM 

feeding, with MDR EC concentration and prevalence in the latter group generally decreasing at younger 

ages.  No significant differences were observed in the fecal concentrations of MDR EC due to weaning.  No 

clear differences were observed in resistance when comparing calves fed PWM or NPWM.  Approximately 

41% of the MDR EC isolates collected throughout the study were resistant to 10 or more antibiotics, with 

two primary phenotypes: ACSSuT and MDR-AmpC.  Based on the results herein, it appears that neither 

pasteurization of the waste milk or weaning, has a significant effect on the prevalence or concentration of 

MDR EC, and based on the age-associated decline in prevalence, they survive in an immature digestive 

system with limited bacterial diversity and competition for resources.  
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Introduction

Antimicrobial resistant bacteria are a growing con-

cern worldwide for both veterinary and human medi-

cine (National Academy of Science, 1999).  While 

the increased resistance in pathogenic bacteria is 

of utmost concern, commensal bacteria can also be 

highly resistant to a wide variety of antimicrobials 

and are considered by some as a potential reservoir 

of resistance elements for the pathogenic strains 

(Shoemaker et al., 2001; Summers, 2002).  More spe-

cifically, the presence of multi-drug resistant (MDR) 

non-pathogenic commensal bacteria such as Esch-

erichia coli on dairy farms could theoretically provide 

a pool of transferable resistance genes for important 

pathogens such as Salmonella and E. coli O157:H7 

(Schmieger and Schicklmaier, 1999; Winokur et al., 

2001; O’Brien 2002; Hoyle et al., 2004).

The general consensus is that antimicrobial-re-

sistant bacteria, to include commensals in humans 

and animals, are produced, maintained and dis-

seminated due to the selection pressure induced 

by exposure to antimicrobial drugs (van den Bog-

arrd and Stobberingh, 2000).  Research examining 

E. coli in calves reported that exposure to antibiotic 

in the feed resulted in the development of not only 

resistance to the fed antibiotic but several other an-

tibiotics as well (Wierup et al., 1975).  Others have 

reported that the discontinuation of feeding an an-

tibiotic-medicated milk replacer to dairy calves re-

sulted in an increase in tetracycline susceptibility in 

E. coli and Salmonella isolates during the first three 

months that a non-medicated milk replacer was fed 

(Kaneene et al., 2008).  While exposure to antibiotics 

certainly contributes to resistant bacteria, other non-

antibiotic influences have been reported (Sogaard 

1973; Smith 1975; Gellin et al., 1989; Gilliver et al., 

1999).   

Younger animals generally harbor more resistant 

enteric flora than older animals (Wierup, 1975; Mar-

tel and Coudert, 1993).  Pre-weaned calves have 

been reported with higher MDR levels in enteric flo-

ra, possibly a result of increased fecal-oral transmis-

sion, higher strain turnover within the gastrointesti-

nal tract, or higher levels of antimicrobial drug use 

in younger animals (Howe and Linton, 1976; Hinton 

et al., 1985).  Mature dairy cows sampled in 21 states 

and cultured for E. coli and Salmonella found that the 

majority of isolates (greater than 80%) were suscep-

tible to all antibiotics examined (Lundin et al., 2008).  

Houser and colleagues (2008) reported that 62% of 

the E. coli isolated from healthy lactating dairy cows 

were susceptible to all antibiotics examined and 21% 

were resistant to only one antibiotic, ampicillin.  We 

reported similar results when examining dairy cattle 

of various ages for MDR Salmonella (Edrington et al., 

2008).  In this research we found that young calves, 

prior to weaning, were more likely to harbor MDR 

Salmonella than all other classes of dairy animals 

(heifers, lactating and dry cows) examined.  The pri-

mary exception was cows in the hospital pen, as they 

also exhibited significant levels of MDR Salmonella.  

We hypothesized that the reasons for the high inci-

dence of MDR Salmonella in these two groups was 

a result of previous antimicrobial treatment, as these 

two groups of cattle are the most likely to receive an-

tibiotic therapy, and/or due to a disturbed or under-

developed gastrointestinal microflora.  In the case of 

young calves, their intestinal microflora is develop-

ing and changing with the introduction of new feed-

stuffs, weaning, environmental exposure, and other 

factors, whereas the cows in the sick pen are gener-

ally off-feed resulting in a disturbed microflora vul-

nerable to competition from new bacterial species.

Several studies have documented the prevalence 

of a highly resistant E. coli in dairy calves; however, 

the results did not provide for a complete description 

of the early temporal shifts or compare calves from 

different geographic regions and management sys-

tems (Wierup, 1975; Howe and Linton, 1976; Hinton 

et al., 1984; Khachatryan et al., 2004).  Interestingly, 

these MDR E. coli do not appear to be specific to a 

geographic region or management practice, having 

been reported in Washington (DeFrancesco et al., 

2004), Pennsylvania (Houser et al., 2008), and the SW 

United States (Edrington, unpublished data).  Others 

have documented that pre-weaned calves had the 

greatest prevalence of resistant E. coli, with levels 

decreasing with increasing animal age (Khachatryan 

et al., 2004).  Healthy dairy calves were reported to 
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be rapidly colonized by antibiotic-resistant strains 

of E. coli shortly after birth (Donaldson et al., 2006) 

with the highest prevalence observed in 2-week old 

calves.  Calves were reported to shed MDR bacte-

ria resistant to 9 and 10 antibiotics as early as one 

day of age (Donaldson et al., 2006) with similar ob-

servations reported by others (Orden et al., 2000; 

Werckenthin et al., 2002).  The question then arises: 

Are the levels of resistance in these calves a result 

of previous/current antibiotic exposure?  Berge and 

co-workers (2006) reported higher levels of MDR E. 

coli in calves fed antimicrobials compared to those 

on non-medicated feed.  Isolates cultured from 

older calves not fed antimicrobials (14 and 28 d old), 

had higher levels of resistance compared to day old 

animals with 14-day old calves most likely to shed 

increasingly resistant bacteria (Berge et al., 2006).  In 

contrast to this, others have reported that the main-

tenance of the E. coli SSuT resistance phenotype in 

dairy calves was due to environmental components 

independent of antibiotic selection (Khachatryan 

et al., 2006a).  Further research by this same group 

(Khachatryan et al., 2006b) reported that the antimi-

crobial resistant genes are not responsible for the 

greater fitness advantage of antimicrobial-resistant 

E. coli in calves, but that the farm environment and 

the diet clearly exert critical selective pressures re-

sponsible for the maintenance of antimicrobial resis-

tance genes.   Others have also reported that hous-

ing and dietary changes, occurring at weaning, may 

affect the prevalence of antibiotic-resistant strains by 

altering the calf’s exposure to other animal stock and 

bacterial strains that in turn change the E. coli com-

position of their gut microflora (Hoyle et al., 2004).  

Therefore, the objectives of the current research 

were to evaluate the effect of age, diet (pasteurized 

or non-pasteurized waste milk), weaning and farm 

origin on fecal populations and prevalence of MDR 

E. coli in dairy calves.  Antimicrobial susceptibility 

patterns were also examined.

Materials and Methods

 Animals and Sample Collection 

This research was conducted on several large 

commercial dairies (greater than 3000 head) in the 

southwestern United States.  Four collections were 

made for this research project.  The first sampled 

calves on two farms representing six age groups (1 

week, 2 weeks, 1, 2, 4 and 6 months of age).  Fecal 

samples (approximately 20 g) were collected from 

freshly voided, undisturbed fecal pats from 15 ani-

mals per age group on each farm (n = 90 samples/

farm; 180 total samples).  Both farms utilized waste 

milk to feed the calves prior to weaning, one farm 

pasteurizing the milk prior to feeding, the other us-

ing non-pasteurized waste milk.  A second similar 

collection was made, the only difference being that 

a different farm utilizing pasteurized waste milk was 

sampled.  A total of 360 samples were collected and 

cultured for multi-drug resistant E. coli (MDR EC).  A 

third collection was made in order to evaluate the in-

fluence of weaning on the prevalence of MDR EC in 

dairy calves and was part of a larger study examining 

the role of weaning on the prevalence of a number 

of important bacteria (Edrington et al., 2011).  Two 

groups of calves were utilized, the first weaned at 

approximately 12 weeks of age (avg. BW = 122 kg) 

and the second group at approximately 10 weeks of 

age (were not weighed at weaning; estimated BW = 

110 kg).  Fecal samples were collected from all calves 

via rectal palpation on two occasions, two days pre- 

and again two days post-weaning for bacterial cul-

ture described below.  The fourth collection sampled 

newborn calves (1 to 3 days of age) from four dif-

ferent dairies during their first week of arrival at a 

central calf rearing facility.  Rectal fecal samples were 

collected into sterile palpation sleeves from 38, 45, 

69 and 40 calves (n = 192 total samples) representing 

each of the four farms over a four-week period. 

   

Bacterial Culture and Isolation

All fecal samples were collected into sterile pal-

pation sleeves, placed on ice and shipped to our 

laboratory in College Station, Texas for process-

ing the day following collection.   For culture and 

quantitation of MDR EC populations, 10 g of fecal 

material was diluted in 90 mL of tryptic soy broth 
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and plated on MacConkey’s agar containing 32 µg/

mL chloramphenicol, using a commercially avail-

able spiral plater.  Following incubation (24 h, 37º C), 

colonies exhibiting typical E. coli morphology were 

manually counted to determine colony forming units 

(CFU)/g feces.  This was converted to CFU (log10)/g 

feces for statistical analysis and data presentation 

below.  A portion of the isolates from each collection 

were confirmed as E. coli using the API 20E test kit 

(BioMerieux, Durham, NC).  Isolates were stored as 

glycerol stocks (10% v/v) in TSB at - 80ºC.  All media 

and agar were from Difco Laboratories (Detroit, MI).  

Reagents and antibiotics were obtained from Sigma 

Chemical Co. (St. Louis, MO).

Determination of Antimicrobial Suscep-
tibility

Antimicrobial susceptibility was determined using 

the Sensititre automated antimicrobial susceptibility 

system according to the manufacturer’s directions 

(Trek Diagnostic Systems, Westlake, OH).  Broth 

microdilution was used according to methods de-

scribed by the National Committee for Clinical Labo-

ratory Standards (CLSI 2005) using the NARM’s panel 

for gram-negative isolates.   Resistance breakpoints 

were determined using the CLSI (CLSI 2005) inter-

pretive standards unless unavailable, in which case 

breakpoints in the NARMS 2000 Annual Report (FDA 

2000) or those provided by Trek Diagnostic were 

Table 1.  Fecal prevalence of MDR EC (number and populations) in dairy calves of multiple ages, 
housed on two commercial dairy farms and feeding pasteurized (PWM) or non-pasteurized 
(NPWM) waste milk through weaning

    Calf Age

Item   1 wk 2 wks 1 mo 2 mos 4 mos 6 mos

Collection 1 

 Farm A - PWM

no. positive 15/15 15/15 15/15 15/15 13/15 9/15

CFU(log10)/g feces 2.7bB 5.4A 6A 5.2aA 3.7aB 2.4B

Farm B - NPWM

no. positive 15/15 15/15 15/15 10/15 8/15 4/15

CFU(log10)/g feces 5.1aA 5.2A 5.8A 3.1bB 2.2bBC 1.8C

Collection 2 

  Farm A - PWM

no. positive 14/15 15/15 15/15 15/15 15/15 14/15

CFU(log10)/g feces 5.3B 6.3aA 5B 5.4aB 5aB 3.8aC

  Farm B - NPWM

no. positive 15/15 15/15 15/15 10/15 14/15 9/15

CFU(log10)/g feces 5.4AB 5.9bA 4.9B 2.9bC 2.9bC 2.2bC

abCFU within collection and age column with different superscripts differ (P < 0.05).
ABCCFU within collection and farm row with different superscripts differ (P < 0.05).  

Culture negative samples assigned value of 1.0.
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used.  Escherichia coli ATCC 25922, E. coli ATCC 

35218, and Enterococcus faecalis ATCC 29212 were 

used as quality control organisms.

Statistical Analysis

Data were analyzed using SAS Version 8.02 (SAS 

Inst. Inc., Cary, NC, USA).  Quantitative data ex-

pressed as CFU (log10)/g feces were subjected to 

analysis of variance appropriate for a completely 

randomized design.  A value of 1.0 was assigned 

to all negative samples for statistical analysis.  Pen 

prevalence was subjected to Chi-square analysis us-

ing the PROC FREQ procedure.  Means were consid-

ered different at a 5% level of significance.

Results

Influence of Age on Prevalence and An-
timicrobial Susceptibility of MDR EC

The prevalence and concentration of MDR EC 

is presented by age and by farm [feeding pasteur-

ized (PWM) or non-pasteurized waste milk (NPWM)] 

in Table 1 for the two collections.  The number of 

fecal samples positive for MDR EC decreased with 

increasing calf age during both collections, with the 

decrease being more pronounced when comparing 

the farm feeding NPWM versus the two farms feed-

ing PWM.  Fecal concentration of MDR EC likewise 

decreased (P < 0.01) with increasing age on all farms 

for both collections (Table 1).  When comparing type 

of waste-milk fed, MDR EC concentration decreased 

more rapidly with increasing age in the farms feed-

ing NPWM (Table 1).  

 Antimicrobial susceptibility was examined in 

MDR EC isolates (six isolates/age group/collection; 

n = 72 total MDR EC isolates).  In general, during the 

first collection, more resistance was observed in the 

farm using NPWM compared to collection 2, when 

the opposite trend was observed, therefore the data 

was pooled across farm and presented by collection 

date in Table 2.  All isolates were resistant to chlor-

amphenicol and tetracycline and all but one were 

resistant to sulfisoxazole, whereas the majority of the 

isolates were susceptible to ciprofloxacin and ceftri-

axone.  The number of isolates resistant to all other 

antibiotics examined decreased with increasing calf 

age at each collection time (Table 2).  

Multi-drug resistance and resistance phenotypes 

are presented in Table 3.  One isolate was resistant 

to two antibiotics with all other isolates resistant to 

four or more antimicrobials.  Thirty-eight percent of 

the isolates were resistant to 10 or more antibiotics, 

the majority of which were cultured in the Novem-

ber collection.  Primary resistance patterns observed 

were ACSSuT and MDR-AmpC, the first of which 

was more prevalent in the second collection and the 

frequency of the MDR-AmpC pattern similar among 

collections (Table 3). 

        

Influence of Weaning on Prevalence and 
Antimicrobial Susceptibility of MDR EC

Samples were collected from two groups of calves 

immediately prior to and following weaning and cul-

tured for MDR EC (Table 4).  No significant differenc-

es were observed in the fecal concentrations or in 

the number of MDR EC positive pens in either group 

or when data was combined across groups.  There 

was a tendency (P = 0.06) for fewer MDR EC positive 

pens in the second group of calves post-weaning.

Twenty MDR EC isolates were examined for anti-

microbial susceptibility (five per group pre- and post-

weaning).  All of the isolates were susceptible to ami-

kacin, ceftriaxone, ciprofloxacin and naladixic acid, 

and all but one isolate susceptible to amoxicillin/cla-

vulanic acid, cefoxitin and ceftiofur.  All isolates were 

resistant to kanamycin, sulfisoxazole and tetracycline 

and all but one resistant to chloramphenicol (data 

not shown).  Half of the isolates were resistant to four 

or five antibiotics and most of the remaining half of 

the isolates (nine isolates) resistant to six, seven, or 

eight antibiotics (Table 5).  One isolate was resistant 

to 10 antibiotics.  Several patterns of resistance were 

observed, the most prevalent being ACSSuT.  One 

isolate demonstrated the MDR-AmpC pattern of re-

sistance (Table 5).  Weaning did not appear to have 

any influence on antimicrobial resistance in these 

isolates.   
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Table 2.  Antimicrobial resistance profiles of MDR EC isolates cultured from fecal samples, by col-
lection, from dairy calves of multiple ages on commercial dairy farms.  Data represents the num-
ber of isolates resistant to the minimum inhibitory concentration (MIC) listed for each antibiotic

        Calf Age   Combined

Item   MIC Collection 1 wk 2 wks 1 mo 2 mos 4 mos 6 mos   Ages

No. isolates examined 1 6 6 6 6 6 6 36

  2 6 6 6 6 6 6 36

Antibiotic

  Amikacin > 64 1 2 3 3 2 0 0 10

2 3 2 1 1 0 0 7

  Gentamicin > 16 1 4 5 3 2 1 0 15

2 5 5 5 4 1 2 22

  Kanamycin > 64 1 6 6 6 6 2 3 29

2 6 6 6 6 5 4 33

  Streptomycin > 64 1 6 6 6 4 5 3 30

2 6 6 6 6 4 5 33

  Ceftiofur > 8 1 3 3 3 0 0 0 9

2 4 3 4 4 1 1 17

  Ceftriaxone > 64 1 0 0 0 0 0 0 0

2 1 0 0 0 0 0 1

  Cefoxitin > 32 1 3 3 4 0 0 0 10

2 4 4 5 4 1 0 18

  Ampicillin > 32 1 4 4 4 1 0 1 14

2 6 6 6 5 1 2 26

  Chloramphenicol > 32 1 6 6 6 6 6 6 36

2 6 6 6 6 6 6 36

  Ciprofloxacin > 4 1 0 0 0 0 0 0 0

2 1 2 0 0 1 2 6

  Nalidixic acid > 32 1 0 0 0 0 2 0 2

2 2 2 2 0 1 1 8

  Sulfisoxazole > 256 1 6 6 6 6 6 5 35

2 6 6 6 6 6 6 36

  Tetracycline > 16 1 6 6 6 6 6 6 36

2 6 6 6 6 6 6 36

  Trimethoprim/ 1 4 4 4 3 3 0 18

  sulfamethoxazole > 4/76 2 6 5 2 3 2 1 19

  Amoxicillin/ 1 3 3 4 0 0 0 10

  clavulanic acid > 32/16 2 4 3 5 4 1 0 17
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Table 3.  Multi-drug resistance and patterns of resistance in MDR EC isolates by collection, cul-
tured from fecal samples of dairy calves of multiple ages on commercial dairy farms

  Calf Age   Combined

Item     Collection 1 wk 2 wks 1 mo 2 mos 4 mos 6 mos   Ages

No. isolates examined 1 6 6 6 6 6 6 36

in each animal class 2 6 6 6 6 6 6 36

Resistant to:

   2 antibiotics 1 0 0 0 0 0 1 1

2 0 0 0 0 0 0 0

   4 to 6 antibiotics 1 1 0 2 3 5 5 16

2 0 0 0 1 5 4 10

  7 to 9 antibiotics 1 2 4 1 3 1 0 11

2 2 2 1 1 0 1 7

  >10 antibiotics 1 3 2 3 0 0 0 8

2 4 4 5 4 1 1 19

At least:

   ACSSuTa 1 1 1 0 1 0 0 3

2 2 4 6 3 0 2 17

   MDR-AmpCb 1 3 3 4 0 0 0 10

2 4 2 0 2 1 0 9

aACSSuT = resistant to ampicillin, chloramphenicol, streptomycin, sulfisoxazole, and tetracycline.

bMDR-AmpC = resistant to ACSSuT plus amoxicillin/clavulanic acid and ceftiofur, and a decreased susceptibil-
ity to ceftriaxone (MIC > 2 µg/ml).

Table 4.  MDR EC [fecal concentration = FC; CFU (log10)/g feces] and pen prevalence [% pens 
with calf culture positive for MDR EC (% Pens)] in two groups of dairy calves on a commercial 
dairy farm, sampled two days pre- and post-weaning (by group and combined) 

        Pre-weaning Post-weaning

Group No. samples No. Pens FC % Pens FC % Pens

1 69 18 3.3 83 3.8 89

2 75 19 3.7 89 2.9 63

Combined 144 37 3.5 86 3.4 76
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 Farm Origin and Influence on Antimi-
crobial Susceptibility of MDR EC

In general, farms were similar in regards to sus-

ceptibility/resistance to individual antibiotics.  The 

majority of all MDR EC isolates (greater than 80%) 

were resistant to chloramphenicol, streptomycin, sul-

fisoxasole, and tetracycline, while approximately half 

displayed resistance to amoxicillin/clavulanic acid, 

cefoxitin, ceftiofur, ceftriaxone, gentamicin, kanamy-

cin, naladixic acid, and trimethoprim/sulfisoxasole 

(Table 6).  Multi-drug resistance (2 to 14 antibiotics) 

was observed in all 192 isolates examined with most 

(69%) resistant to 8 or more antibiotics (Table 7).  The 

most prevalent resistance phenotypes were ACSSuT 

and MDR Amp-C, both found in 36% of the isolates.  

Multi-drug resistance was similar among farms with 

the exception of Farms A and C, in which fewer AC-

SSuT and more MDR AmpC phenotypes were ob-

served on Farm A (Table 7). 

Discussion

A few years ago, while investigating a suspected 

outbreak of salmonellosis, we cultured MDR EC from 

a relatively large number of young dairy calves.  Sub-

sequent examination of the literature revealed that 

the occurrence of MDR EC had been documented 

in young dairy calves in other regions of the United 

States (DeFrancesco et al., 2004; Houser et al., 2008) 

and that this particular E. coli, or the maintenance 

of resistance in this species, was thought to be re-

stricted to very young calves.  The prevalence of re-

sistant organisms is typically higher in younger ani-

mals (Brophy et al., 1977; Hinton et al., 1985; Zhang 

et al., 1998; Mathew et al., 1999).  This at first would 

seem counter-intuitive if the development of anti-

microbial resistance is related to previous antibiotic 

therapy.  However, young animals are typically more 

susceptible to disease and receive antibiotics for the 

treatment or prevention of such diseases.  Even so, 

it would stand to reason that as age increases, expo-

sure to antibiotics would also increase, and therefore 

the prevalence of resistant isolates would be greater 

in older animals.  However, as this is not the case 

in dairy cattle (Edrington et al., 2008; Houser et al., 

2008; Lundin et al., 2008), researchers have specu-

lated that perhaps this increased resistance in dairy 

calves is due to their exposure to more antibiotics 

for medication and/or growth promotion compared 

to mature cows.  Khachatryan and coworkers (2004) 

reported just the opposite however, in that the resis-

tant E. coli demonstrated a greater fitness in the calf 

intestinal tract environment that was independent of 

exposure to antimicrobial drugs and that drug use 

was not required to maintain a high prevalence of 

this resistant strain of E. coli.  Others reported that 

the clustering of MDR EC in calves 2 to 4 weeks of 

age, on both dairies and calf ranches, suggest there 

are host-specific factors influencing the emergence 

of resistance that may not be associated with anti-

biotic use (Berge et al., 2005).  Taken together, this 

suggests that the development or maintenance of 

the resistance of E. coli in dairy calves is not depen-

dent on exposure to antibiotics, but was an environ-

mental or diet induced phenomenon.    

Table 5.  Multi-drug resistance and patterns of 
resistance in fecal MDR EC isolates cultured 
from dairy calves. Data combined from two 
groups of dairy calves on a commercial dairy 
farm, two days pre- and post-weaning.  

    Time

Item   Pre-wean   Post-wean

No. isolates examined 10 10

No. isolates resistant to:

    0 - 3 antibiotics 0 0

   4 or 5 antibiotics 4 6

   6 - 10 antibiotics 6 4

Phenotypes

   ACSSuTa 3 2

   MDR-AmpCb 0 1

aACSSuT=resistant to ampicillin, chloramphenicol, 
streptomycin, sulfisoxazole,  and tetracycline.

bMDR-AmpC = resistant to ACSSuT plus resistant 

to amoxicillin/clavulanic acid and ceftiofur and de-

creased susceptibility to ceftriaxone 

(MIC > 2 µg/mL).
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Table 6.  Antimicrobial resistance profiles of fecal MDR EC isolates from dairy calves originating 
from multiple dairy farms upon arrival at a central heifer raising facility.  Data represents the num-
ber of isolates resistant to the minimum inhibitory concentration (MIC) listed for each antibiotic.

      Farm of Origin   Combined

Item   MIC A B C D   Ages (%)

No. isolates examined 38 45 69 40 192

Antibiotic

  Amikacin > 64 1 1 1 1 4 (2.1)

  Gentamicin > 16 21 30 23 20 94 (49)

  Kanamycin > 64 30 32 36 27 125 (65)

  Streptomycin > 64 30 34 53 32 149 (78)

  Ceftiofur > 8 18 21 22 18 79 (41)

  Ceftriaxone > 64 19 23 29 23 94 (49)

  Cefoxitin > 32 19 27 22 19 87 (45)

  Ampicillin > 32 35 45 61 38 179 (93)

  Chloramphenicol > 32 38 45 69 39 191 (99)

  Ciprofloxacin > 4 11 17 20 17 65 (34)

  Naladixic acid > 32 19 23 32 23 97 (51)

  Sulfisoxazole > 256 38 45 68 40 191 (99)

  Tetracycline > 16 38 45 68 40 191 (99)

  Trimethoprim/sulfamethoxazole > 4/76 18 24 32 23 97 (51)

  Amoxicillin/clavulanic acid > 32/16 20 17 25 24   86 (45)

Table 7.  Multi-drug resistance and patterns of resistance (number of isolates and percentage in 
parentheses) in fecal MDR EC isolates cultured from newborn calves, originating from four differ-
ent dairies, upon arrival at a central heifer raising facility 

    Farm of Origin Across

Item   A B C D Farms

No. isolates examined 38 45 69 40 192

No. isolates resistant to:

    0 - 3 antibiotics 0 0 1 (1.5) 0 1 (0.5)

    4 - 7 antibiotics 11 (29) 8 (18) 30 (43) 9 (23) 58 (30)

   8 - 14 antibiotics 27 (71) 37 (82) 38 (55) 31 (78) 133 (69)

Phenotypes

   ACSSuTa 10 (26) 16 (36) 28 (41) 15 (38) 69 (36)

   MDR-AmpCb 17 (45) 19 (42) 18 (26) 15 (38) 69 (36)

a ACSSuT=resistant to ampicillin, chloramphenicol, streptomycin, sulfisoxazole,  and tetracycline
b MDR-AmpC = resistant to ACSSuT plus resistant to amoxicillin/clavulanic acid and ceftiofur and decreased 

susceptibility to ceftriaxone 

(MIC > 2 µg/mL)



Agric. Food Anal. Bacteriol. •  AFABjournal.com  •  Vol. 2, Issue 3 - 2012      171

Dairy calves experience a number of changes dur-

ing a relatively short time frame that may explain the 

age related decrease for this bacterium.  Adaptation 

and eventual weaning from a liquid, milk based diet 

to a diet composed of hay and grain, and the associ-

ated changes in gastrointestinal microflora could ex-

plain these age-related changes.   Results of the cur-

rent research demonstrated an age-related change in 

fecal populations and prevalence of MDR EC in dairy 

calves as reported by others and discussed above.  

We did however culture MDR EC from a substan-

tial number of calves at 6 months of age, older that 

most of the calves examined in previous research.  

Examination of calves pre- and post-weaning found 

no significant differences in MDR EC prevalence or 

populations.  Taken together, these results suggest 

that the disappearance of MDR EC in dairy calves is 

a gradual process that is not strongly influenced by 

changing diet or other animal husbandry factors as 

we originally hypothesized.  If these changes were 

in fact a result of changing diet and maturation of 

the digestive system, then we would expect to see a 

more substantial decline prior to six months of age, 

as diet changes significantly early in age but are very 

subtle later (4 and 6 months). 

Pasteurization of the waste milk used to feed the 

calves appeared to have slight influence on MDR EC 

populations in these dairy calves.  Both the number 

of MDR EC positive samples and the concentration 

of MDR EC were lower in calves fed the NPWM com-

pared to PWM.  Significant reductions (90 to 95%) in 

total bacterial counts as well as for specific patho-

gens such as Salmonella have been reported follow-

ing pasteurization of waste milk (Stabel et al., 2004; 

Ruzante et al., 2008).  However, milk that is not prop-

erly chilled following pasteurization provides a warm 

environment for rapid bacterial growth, increasing 

the number of cells as much as 8-fold per hour.  Over-

all bacterial counts in PWM prior to feeding, were 

reported to range from 500,000 to 100 million CFU/

ml, which was not different from 60% of the farms 

pasteurizing the milk (Ruzante et al., 2008).  Possibly 

the differences that were observed in this research 

are a result of competitive exclusion as influenced 

by the pasteurization process.  Pasteurization may 

have reduced the bacterial species that are more 

able to compete with the MDR EC, thus providing 

MDR EC a competitive advantage in the calves fed 

PWM.  Some researchers have hypothesized that the 

presence of MDR EC in calves fed waste milk is due 

to a selection pressure maintained through the feed-

ing of low concentrations of antibiotics contained in 

the milk (Berge et al., 2005).  Subsequent examina-

tion of the waste milk failed to confirm the presence 

of antibiotics in the milk and led to the conclusion 

that feeding hospital milk had no observable impact 

on antibiotic resistance in E. coli.  In the current re-

search, if antibiotics in the milk were responsible for 

the MDR EC, then we would expect to see higher 

levels in calves fed NPWM, assuming the pasteuriza-

tion process affected antibiotic residues in the milk.  

On the other hand, if pasteurization had no affect on 

the antibiotics in the milk, then we would expect to 

see similar levels among the feeding groups, not the 

subtle differences we observed.  

Possibly the differences we observed were due to 

some other farm related factor and not pasteuriza-

tion of the waste milk.  This is certainly plausible and 

a drawback from the experimental design.  Unfor-

tunately, conducting research on commercial dairy 

farms, while providing for “real-world” settings, 

does have short-comings; in this case the dairy-

man pasteurizing waste milk was not willing to feed 

some of the calves on his farm non-pasteurized milk 

due to health concerns and labor issues.  Therefore 

the next best scenario was to sample calves on dif-

ferent farms, similar in most all aspects, except for 

pasteurization of the waste milk.  While other fac-

tors may have influenced the results, the widespread 

dissemination of MDR EC among dairy calves and 

similarity of resistance phenotypes, as observed in 

the first three collections as well as the fourth col-

lection, comparing calves from four different farms, 

suggests this is unlikely and the differences are likely 

due to handling of the waste milk.       

Contrary to the research of Khachatryan et al. 

(2004), who reported a greater prevalence of SSuT 

resistance in milk-fed calves, Hinton et al. (1984) 

found that fecal E. coli from calves were more likely 

to develop MDR resistance during and immediately 
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after weaning from a medicated milk replacer.  In our 

research, inclusion of the MDR EC isolates collected 

pre- and post-weaning in this discussion confounds 

the interpretation.  The MDR EC isolates cultured 

from the weaning study were resistant to fewer dif-

ferent antibiotics (11) and displayed two patterns of 

resistance (ACSSuT and MDR-AmpC) than isolates 

from younger calves in the first collection.  However, 

in comparing these two groups of isolates, it must be 

taken into account that they were collected from dif-

ferent farms with different management techniques 

and at different times of the year.  

Results of this research indicate that the persis-

tence of MDR EC in dairy calves is a function of age.  

Furthermore, the decline in populations and preva-

lence does not appear to directly correspond to 

changes in diet and may be a more subtle indication 

of gastrointestinal maturation or other factors yet to 

be determined.  While E. coli is present in mature 

cows, it is not reported to be MDR, indicating that 

maternal transfer is not responsible for its presence 

in calves but some other environmental factor(s).  

The gradual disappearance with age, suggest diet 

may be a limiting factor, although if entirely respon-

sible for the presence and/or disappearance of the 

bacteria then we might expect bigger decreases in 

its populations when diet is significantly changed, 

such as at weaning, and not the steady decline we 

observed when diet was not changed.  We hypoth-

esize that the survival and disappearance is simply 

a matter of the competitive fitness of this species 

within the developing gastrointestinal microflora of 

the calf.   Results of this research and of others sup-

port this conclusion.  Berge and colleagues (2005) 

suggested that in the young calf-gastrointestinal en-

vironment, E. coli with multiple antibiotic resistance 

exhibits a higher fitness compared to susceptible E. 

coli.  The intestinal microbiota is very different in a 

young milk fed calf compared to an adult animal, 

which the MDR EC appear to find more suitable for 

survival (Khachatryan et al., 2004).  This would sug-

gest that the presence of resistance elements may 

give the MDR EC a survival advantage over suscep-

tible strains in the developing gastrointestinal tract.  

However, as resistance generally comes at a cost to 

the bacteria, we suggest that while the gut is un-

developed in terms of bacterial diversity, the MDR 

EC is able to successfully compete, however as the 

bacterial flora diversifies and increases in numbers, 

the MDR EC loses its competitive advantage due, 

at least in part, to being MDR and is slowly removed 

from the gastrointestinal tract.  Khachatryan and col-

leagues (2004) presented a similar explanation.  Their 

research suggested a direct benefit of the resistance 

genes themselves or linkage to other genes that are 

adaptive in this environment.  However, they went on 

to say that relative absence of a diverse bacterial fau-

na, due in part to the milk diet, is indicative that the 

MDR EC compete effectively only when significant 

competition is lacking and as the animal ages and 

the gut matures, the resistance becomes a burden 

and the MDR EC is excluded from the system.  Pre-

vious research examining MDR Salmonella in dairy 

calves supports this idea.  Similar to these results, we 

found MDR Salmonella only in young calves or sick 

cows, suggesting that its ability to compete within 

the gastrointestinal tract depends on an immature or 

disturbed microflora (Edrington et al., 2008).   

The impact of this population of MDR EC on 

overall calf health appears to be minimal if any, how-

ever the potential transfer of resistance elements to 

pathogenic bacteria such as Salmonella cannot be 

ruled out.  Research into the origin or transmission 

source of this bacteria as well as methods to hasten 

the elimination from the gastrointestinal tract of the 

calf could theoretically reduce the potential devel-

opment of MDR pathogenic bacteria, leading to im-

proved calf health and in the long term, improved 

herd health.  Reducing the “load” of pathogenic 

bacteria in the production setting has significant 

food safety implications.  
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